Abstract. Failure Modes and Effects Analysis (FMEA) is a methodology for analysis of potential failure modes within a product which evaluates the risk level of failure modes by Risk Priority Number (RPN) and then proposes compensating provision. This paper seeks to address the drawbacks of the calculation of RPN index in traditional FMEA. The Enhanced Risk Priority Number (ERPN) is proposed to prioritize failure modes when two or more failure modes have the same RPN or when there is a disagreement in ranking scale for severity, occurrence and detection.
Introduction
Failure Mode and Effects Analysis (FMEA) was developed by NASA as a means of addressing a way to improve the reliability of materiel. In doing the FMEA, the risk is evaluated for every potential failure mode of every system component. Where unacceptable failure effects occur, design changes are made to mitigate those effects.
Risk Analysis is one of the most important methods in FMEA which prioritize the failure modes for corrective action. It uses rankings to rank the probability of the failure mode occurrence (O), the severity of its failure effect (S), and the probability of the failure being detected (D) on a numeric scale from 1 to 10. Then these three factors are multiplied to give the Risk Priority Number (RPN). Failure modes having a high RPN are assumed to be more critical and given a higher priority than those having a lower RPN. The traditional RPN suffers from several drawbacks presently. The first drawback is that various sets of S, O and D may produce an identical value of RPN; however, the risk implication may be totally different. This may result in a waste of resources and time or in some cases a high risk failure going ignored. The other prominent disadvantage of the traditional RPN is taking average in ranking scale for the three failure indexes, when the team has a disagreement in ranking scale. However, this may produce an identical value of RPN. So it's necessary to propose an improved method to overcome these short comes. In this paper, an application case is presented to demonstrate the new approach.
The Enhanced RPN Methodology
In this section, a new method is presented to prioritize failure modes when different failure modes have the same RPN value or when the team has a disagreement in ranking value for the three factors [1] [2] .
Different Failure Modes have the Same RPN
A general method with 'n' failure modes could be described as follows. It is assumed that the three S, O, and D indexes are all equally important. Let 'X ij ' denote the ranks of 'S', 'O', and 'D' respectively corresponding to the failure mode 'a i ', where i = 1, 2, 3 ... n and j = 1, 2, 3. Where, 1≤ X ij ≤10 for all i, j. I min{max(X , X ,...X ), max(X , X ,...X ), max(X , X ,...X )} n n n = (1) 2) Calculate the Risk Priority Code (N(a i )) N(a i ) is the number of places, in the row corresponding to 'a i ' for which X ij >I.
3) Identify the Critical Failure Mode
The criticality of failure modes can be sorted descending according to the value of N(a i ). If there is a tie situation, consider the set of all a i 's for which N(a i ) are equal, define T(a i ) as follow;
n=2 (4) Then the criticality of failure modes can be sorted ascending according to the value of T(a i ).
The Team has Disagreement in Ranking Value
The method suggests a three-step procedure: 1) Calculate all possible RPN value For example, there is a failure mode, the value of O, S, D is {2,3},{6,7},{5,6}, then all possible RPN value is {70, 60, 105, 90, 84, 72, 126, 108}.
2) Calculate the mean and variance of RPN In the case above, the mean is (70+60+105+90 +84+72+126+108)/8=89.375; and the variance is 500.27.
3) Identify the Critical Failure Mode The criticality of failure modes can be sorted according to the mean of RPN. The higher the RPN mean is more severe.
If there is a tie situation, consider the set of all failure modes for which mean are equal, then the criticality of these failure modes can be sorted according to the variance of RPN. The smaller the RPN variance is more severe.
Application Case of ERPN Different Failure Modes Have the Same RPN
Let us consider an example and analyses four different failure modes with the same RPN 150 (the example is shown in Table 2 ). S  O  D  RPN  a 1  10  3  5  150  a 2  3  5  10  150  a 3  6  5  5  150  a 3) Identify the Critical Failure Mode In this case, there is a tie between a 1 , a 2 , a 3 and a 4 , so we can solve this problem by using Eq. (2) and Eq.(3). So it's obviously that the most critical failure mode is a 1 , but there is still a tie between a 2 and a 4 , using Eq.(4), the tie situation could be discriminated. Considering the risk of failure modes, the sequence should be a 1 > a 2 > a 4 > a 3 . In some particular situations, there may be disagreement in the ranking value. Table 3 shows an example for evaluating RPN when there is disagreement in the ranking scale. The failure modes a 1 and a 2 have the same RPN 118.125 (mean) with different ranking value for occurrence, severity and detection. For determining the most significant failure mode with different ranking scale, calculate RPN mean and variance as shown in Table 3 . According to RPN mean failure modes a 3 have the highest value and failure modes a 1 and a 2 have the next highest value. According to RPN variance, a 2 is more severe than a 1 . So in this case, the critical failure mode is a 3 then the next level failure modes are a 2 , a 1 , and a 4 .
The Team Has Disagreement in Ranking Value

Conclusions
This paper demonstrates the new approach which solves the limitations of traditional FMEA method. If two or more failure modes have the same RPN, it is possible to prioritize the failure modes with the help of N(a i ) and T(a i ). When the team has a disagreement in the ranking value, RPN mean and variance helps to prioritize the failure modes.
